The sigA gene of Agrobacterium tumefaciens was cloned and sequenced. Comparison with previously analyzed sigA genes revealed a high degree of similarity in nucleotide and amino acid sequences of regions two, three, and four of vegetative sigma factors. However, the upstream regulatory region shows no sequence homology with the Escherichia coli heat shock (&-32) promoters. It also does not contain the hairpin-loop structure (inverted repeat sequence) that was found in the upstream region of the groE operon in A. tumefaciens. The transcription initiation site of the gene was determined and found to be at the same position during normal growth and under heat shock conditions. Furthermore, no heat shock activation was observed at the transcriptional level.
The specificity of transcription initiation in prokaryotes is conferred by the interaction of the RNA polymerase and promoters. The RNA polymerase is a multisubunit enzyme composed of at, IB, I', and sigma subunits. The association of the sigma subunit with the holoenzyme (a2131') confers specificity to the promoters. In Escherichia coli, the vegetative sigma factor is sigma-70 (coded by the rpoD gene), and the heat shock response is mediated by an alternative sigma factor protein: sigma-32 (13, 14) . This sigma factor recognizes a different promoter sequence and in this way specifically transcribes heat shock genes (1, 3, 4) . The rpoD gene of E. coli is one of the genes that is transcriptionally activated during heat shock, due to the presence of a promoter recognized by sigma-32 which is located in its regulatory region (8, 17) .
Recently, it was observed that gram-positive bacteria, such as Bacillus subtilis, and gram-negative bacteria, such as cyanobacteria (Synechococcus spp.) and chlamydiae, contain an inverted repeat sequence in the upstream regulatory region of genes coding for the heat shock proteins GroES and DnaK (6, 10, 15, 19, 20) . It has been proposed that the hairpin-loop structure is involved in regulating the heat shock transcription of these genes.
In another paper (16) , we present data on the groESL operon of Agrobacterium tumefaciens and show that it codes for two heat shock proteins, GroES and GroEL. The upstream region of this operon contains a hairpin-loop structure similar to that of the gram-positive and gramnegative bacteria listed above. We have also shown that transcription initiates from the upstream end of this hairpinloop structure, under both normal and heat shock conditions.
In this study, we present data on the gene coding for the vegetative sigma factor (sigA) of A. tumefaciens and show that it does not contain the hairpin-loop structure and, in contrast to the E. coli system, is not under heat shock control. * 5 pmol of primer, and 5 U of avian myeloblastosis virus reverse transcriptase (Molecular Biology Research, Inc.). Eight micrograms of the RNA preparation was used in a total reaction volume of 6 ,ul. The reaction mixture was incubated for 5 min at 45°C and then at 37°C for 30 min.
After addition of 4 RI of sequencing stop buffer, the samples were heated for 5 min at 90°C before being loaded onto a standard sequencing gel. A reference nucleotide sequence was generated from single-stranded M13 template, using the same primer.
DNA sequencing. The DNA sequence was determined by the dideoxy chain termination method, using the Sequenase II sequencing kit from United States Biochemicals.
Nucleotide sequence accession number. Sequence data of the complete sig4 locus have been assigned GenBank data base accession number X69388. Cloning of the sigA homolog of A. tumefaciens. The 4.3-kb EcoRI fragment shown in Fig. 1 was chosen for cloning. After digesting chromosomal DNA with EcoRI and size fractionation on a sucrose gradient, 10 fractions were analyzed by Southern hybridization. The positive fraction was used for constructing a library with pUC19 as a vector. One thousand clones were screened by colony hybridization with the rpoD probe, and four positive clones were found. These clones contained the same insert, and the plasmid was named pGS-AG1. Sequencing the part of the clone that was homologous to the rpoD probe showed that the cloned fragment contained only a part of the sigA gene (from region 2.1 to the end). By using the same method and the 157-bp EcoRI-PstI fragment from pGS-AG1, we cloned the 2. 60  120  180  240  300  360  420  480  540  600  660 The transcription start point is underlined. PstI fragment (the weak band in lane 3 of Fig. 1 ) that contains the N-terminal end of the sigA gene; the clone was designated pGS-AG6. The two clones and the overlapping region between them, as well as the restriction map of the locus, are shown in Fig. 2 .
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Sequence analysis of the sigA gene. The nucleotide sequence of the sigA gene and the deduced amino acid sequence are shown in Fig. 3 . We sequenced 800 bp upstream from the first ATG of the sigA gene to find out whether there are additional regulatory sequences or whether the sigA gene ofA. tumefaciens is part of an operon as in E. coli (8) . According to the sequence, there is no putative sigma-32 promoter upstream of the sigA gene, and there is no homology to the dnaG gene that is present upstream of the rpoD gene in E. coli as the second gene in the operon rpsU-dnaG-rpoD.
The sequence alignment between the sigA gene of A. tumefaciens and the rpoD gene of E. coli is shown in Fig. 4 .
There is a high degree of homology in regions 2 to 4 between the two sigma factors; there is a weak similarity in the beginning of region 1 and no significant similarity in the rest of this region. This observation is in agreement with previous findings with other vegetative sigma factors (7) .
The open reading frame of the sigA gene is about 2 kb long and codes for a protein of 684 amino acids, about 77 kDa. It contains 131 negatively charged amino acids (aspartic acid and glutamic acid) and 103 positively charged amino acids (lysine, arginine, and histidine). The molecular weight and overall charge of the SigA protein is similar to those reported previously for other sigma-70 factors (7) .
Determination of the transcription start point of the sigA gene. The transcription start point of the sigA gene was determined by primer extension analysis, using an oligonucleotide complementary to the 5' end of the sigA gene. When the RNA was prepared from cells heat shocked for 5 min at 42°C, the band appeared in the same position as in cells growing at 25°C, and no additional start point could be observed. It should also be noted that there was no activation of transcription under conditions of heat shock (Fig. 5) . These results are in agreement with the results of Northern (RNA) analysis, in which we could not observe an increase in the level of sigA-specific mRNA. Under the same conditions, we were able to show a significant transcription activation of the groE operon (16) .
The transcription start point was located 17 bases upstream of the first methionine of sigA, with a G at the 5' end The heat shock response in E. coli is controlled by an alternative sigma factor, sigma-32, that recognizes a promoter sequence different from that of sigma-70 (1, 3) . As the rpoD gene of E. coli is a heat shock gene, it is initiated under conditions of heat shock from a sigma-32 promoter sequence (17) . In contrast, transcription of the sigA gene of A. tumefaciens under heat shock conditions is initiated from the same site as in untreated cells, and we could not observe a temperature-activated sigma-32 promoter (Fig. 5) .
In gram-positive bacteria and in several groups of gramnegative bacteria, such as cyanobacteria (Synechococcus spp.) and C. psittaci, the heat shock response appears to be controlled by a mechanism that is different from that of E. coli. This hypothetical alternate control system may involve a hairpin-loop structure that was found in the regulatory region of heat shock genes in these bacteria (6, 10-12, 15, 20) .
In another paper (16) , we present data on the groESL operon ofA. tumefaciens and show that this operon is under heat shock control and that the activation is at the level of transcription. However, there was no similarity to the E. coli heat shock promoter sequence; instead, we found a hairpinloop structure like that of the bacteria listed above. Transcription starts from the first base of the hairpin-loop structure and in the same position under heat shock and non-heat shock conditions. These findings suggested that the groESL operon of A. tumefaciens may be regulated similarly to the hypothetical alternate heat shock control.
The gene coding for the vegetative sigma factor (sigA) of A. tumefaciens does not contain the hairpin-loop structure that was found previously upstream of the groESL heat shock operon ofA. tumefaciens. This finding is in agreement with the possibility that the hairpin-loop structure is only present in heat shock genes.
Our results on the heat shock control system of A. tumefaciens suggest that this system differs from the one of E. coli in at least two parameters. (i) The transcription of the groESL operon ofA. tumefaciens is activated by heat shock and starts from the same site as in vegetative cells (16) . (ii) The groESL operon contains a hairpin-loop structure (16) similar to that found in the upstream region of heat shock genes (groESL and dnaK) of several gram-positive and gram-negative bacteria (6, 10-12, 15, 19, 20) .
The finding that the vegetative sigma factor of A. tumefaciens is not transcriptionally activated by heat shock (this work) is an additional difference from the E. coli system and may reflect a basic feature of an alternate heat shock control.
